Beef inside round subprimals were injected with a 200 mM calcium chloride (CaC12) solution at 5% (wt/wt) to determine its effects on beef steak palatability and quality traits. Alternating subprimals from the right and left sides were selected for injection of CaC12 or not injected to serve as a control. After 7 d of postmortem storage, 2.5-cm-thick steaks were cut from each subprimal for consumer evaluation ( n = 478) in a retail setting. Three supermarkets with customers varying widely in income were selected as test sites for measuring consumer perceptions of the treated and control steaks and package labeling acceptance. Supermarket, income level, education, and sex were evaluated for their impact on acceptance of calcium-injected beef. Steak flavor and tenderness both were important in determining beef eating quality; 50% of consumers said tenderness was the most important and 40% said flavor was the most important. Consumers visually preferred CaCl2-treated steaks 71% of the time over the control steaks based on package labeling. The CaC12 injection improved tenderness, juiciness, flavor desirability, and overall palatability ratings by the consumers for inside round steaks and did not cause any off-flavor problems compared with the controls. Therefore, injecting beef with a solution of 200 mM CaC12 at 5% (wt/wt) can improve retail consumer evaluations of beef steak tenderness and reduce tenderness variation without detrimental effects on other palatability or quality traits.
Introduction
To better serve consumers, researchers have developed methods to decrease the tenderness variability of beef. Tenderness variability is a major concern of the beef industry because of the increased demand for a leaner, more consistent product. Tenderness, the most influential organoleptic trait affecting consumer acceptance of beef, is unacceptably inconsistent (Morgan et al., 1991) . Therefore, it is critical for the corisumer acceptance of beef that a commercially applicable method be developed to ensure a consistently tender product.
Injection or infusion of a calcium chloride (CaC12) solution has been well established as a means of improving or accelerating tenderness in prerigor meat (Koohmaraie et al., 1988 (Koohmaraie et al., , 1989 (Koohmaraie et al., , 1990 Koohmaraie and Shackelford, 1991; Morgan et al., 1991; Names are necessary to report factually on available data; however, Texas Tech University neither guarantees nor warrants the standard of the product, and the use of the name by Texas Tech University implies no approval of the product to the exclusion of others that may also be suitable. 'To whom correspondence should be addressed. Received January 9, 1995 . Accepted March 20, 1995 J. h i m . Sci. 1995 Sci. . 73:2308 Sci. -2314 Sci. et al., 1991 . Wheeler et al. (1992) found that similar results were obtained with postrigor injection, if the meat was aged for 7 d postmortem. However, Morgan et al. ( 199 1) reduced shear values and increased sensory tenderness ratings of mature beef cow meat using a 300 mM CaCl2 solution but reported bitter and metabolic off-flavors with that level of CaC12. Diles et al. ( 1994) reported that loin strip steaks from mature cows injected with a 200 mM solution of CaC12 did not have off-flavors or other sensory problems but were improved in tenderness and Warner-Bratzler shear ( WBS) values. Wheeler et al. ( 1993) reported that an injection at 24 h postmortem of a 200 mM CaC12 solution at 5% (wt/wt) reduced the variation in beef tenderness without affecting other beef quality or sensory traits. Applying CaCl2 under commercial conditions yielded results consistent with those found in the laboratory experiments (Lansdell et al., 1995) . These experiments show that the product can be made available to the consumer in large quantities. However, this method is of no use to the industry without the approval of the consumer. In a restaurant setting, a favorable response was reported by consumers for beef treated with CaC12 (Cook et al., 1993) . The consumer perception and acceptance of the CaC12-treated product has not been determined in a retail setting. Therefore, the purpose of this research was to TENDERIZING BEEF WITH CALCIUM CHLORIDE 2309 survey consumers in a retail setting and determine their evaluation of CaCl2-injected beef as well as their response to a label that indicated that the tenderness of the beef had been enhanced with a CaCl2 solution.
Materials and Methods
Twenty-two steers were fed by a commercial feedlot for approximately 140 d and slaughtered at the Excel Inc. (Plainview, TX) beef processing facility. Steers were selected from one pen and had received the same feeding regimen and implants. The carcass traits for these cattle were reported by Lansdell et al. (1995) .
Fabrication. At 24 h postmortem, the boneless inside rounds (IMPS #168) were fabricated from the 22 carcasses. Subprimal cuts from the alternating sides were randomly assigned to either a control (no injection) or injection at 5% (wt/wt) of 200 mM food grade CaC12 (Tetra Technologies, The Woodlands, TX) in 23°C tap water. The injection was performed in the Excel Inc. beef processing facility using an industrial size, commercial multi-needle, Gunther (Model PI 16/32, Hausunschrift, Dieberg, Germany) pickle injector. The subprimals then were allowed to equilibrate for 5 min and were weighed to determine final percentage injection (Lansdell et al., 1995 Retail Evaluations. Nine packages of steaks from each of the inside rounds from both the treated and controls were selected. Three United Supermarkets, Lubbock, TX, with customers who had a wide variation of income levels, were selected as test sites. North University (Market A) had consumers with low income levels, 29th and Brownfield (Market B) and customers with mid-range income levels, and 82nd and Quaker (Market C) had consumers of high income. Consumers were surveyed on Sunday, Tuesday, Thursday, Friday, and Saturday at 1200 to 1400 and 1600 to 1800 h for a 5-m0 period from June through October. The steaks were broiled on Farberware Open Hearth electric broilers (Bronx, NY) to an internal temperature of 70°C. Steaks were turned after reaching 40°C. Internal temperature was monitored with iron constantan thermocouple wires attached t o a Honeywell potentiometer (Scarborough, ON, Canada) and placed in the geometric center of the steaks. The steaks were cut into l-cm cubes and served warm to each customer. Consumers completed two surveys. The first survey collected information on the consumer's evaluation of the steak after they consumed a sample. Each consumer was asked to evaluate juiciness, tenderness, flavor desirability, and overall palatability on 8-point scales; 8 = extremely juicy, tender, desirable, and palatable and 1 = extremely dry, tough, undesirable, and unpalatable. Additionally, the consumers were asked the acceptability of the tenderness and overall acceptability of the samples; 1 = acceptable and 2 = unacceptable.
REDRUDERMEMS
The second survey enabled researchers to gather demographic data along with the visual preference of the steaks based on a paired comparison between package labels (Figure 1 ). Four steaks, two from each treatment (injected with CaCl2 and control), were placed in the retail display case at each of the three supermarkets. The steaks were packaged in each of the stores in the fabrication room and displayed under the normal retail display conditions at each store. The consumers were asked to indicate their income, education, ethnic background, and sex on the survey form. The consumers also were asked the frequency at which they purchased beef and the most important trait affecting beef steak sensory quality (juiciness, tenderness, or flavor).
Statistical Analyses. Data were analyzed by ANOVA with GLM procedures of SAS ( 1990) with two treatments (control with no injection and 200 mM CaCl2 injection). Mean separation for a significant ( P < .05) main effect was accomplished with a pair-wise t-test of the least squares procedures. Means were calculated to identify differences within demographic variables and frequencies were computed for answers to questions about consumer purchasing behavior.
Results and Discussion
Consumer Perceptions. Evaluations by the trained sensory panel and WBS data were presented by Lansdell et al. (1995) . Table 1 presents data from individual supermarkets. For all four sensory traits of both control and CaCl2-treated steaks, consumers rated the steaks inversely to their average income in that market. The sensory traits of the steaks were rated highest ( P c .05) by market A consumers and lowest by market C consumers. Therefore, the sensory quality perceptions of the lower income consumers seems higher. The lower-income consumers also seem to be less discriminating when rating sensory quality attributes than do higher-income consumers. Given their income and the price of beef and the retail counter, the lower-income consumers consume more ground beef, roasts, and variety meats and fewer steaks than do middle-and high-income consumers. Thus, the low-income consumers' expectation level could be lower and their sensory rating higher. 6.7a 5.1bc 4.9d a,blc,dMeans in a column with a different superscript differ ( P < ,051. CV = 22.7. eNo consumer responses were given for this education, store, and treatment category. Figure 2 . Percentage of CaC12-injected and control steaks rated acceptable in tenderness and overall acceptable by consumers in a retail setting.
Both male and female respondents (Table 2 ) rated the sensory attributes of the CaCl2-treated steaks higher than those of the control steaks. Males and females did not differ ( P > . 0 5 ) in their ratings of the sensory traits. The lack of sex effect is not surprising because both males and females probably have similar expectations for steak palatability. Table 3 gives the effect of education level on beef tenderness and overall palatability perception. None of the differences among education level was significant. Thus, as education level increases consumer expectations for beef sensory traits do not change. Similar beef may be served t o varying education levels with similar results. An education level x supermarket interaction ( P < .05) affected evaluations of flavor of steaks by the consumers (Table 4) . At market A, consumers with technical school training gave lower flavor scores than other consumers. However, consumers at the other two stores with this level of ET AL.
education tended to give the highest flavor scores to the steaks. Education level had no effect ( P > . 0 5 ) on flavor scores at the B market, but education affected scores at the other markets. All flavor evaluations showed that all of the beef in this study were rated very acceptable. A three-way education level x supermarket x treatment interaction ( P c .05) affected steak juiciness scores (Table 5 ) . At market A, juiciness scores were not affected by education level of the consumers or CaC12 treatment of the steaks. However, at the B market, consumers with the least and most education found treatment differences. Consumers who were not high school graduates scored juiciness of control steaks 2 points higher than juiciness of CaCl2-treated steaks. The opposite was true for consumers with postgraduate educations. At the C market, the only treatment effect was found by consumers with the least education, who scored CaC12-treated steaks highest. Income levels showed that the calcium product received higher juiciness ratings than the control (Table 6 ) . Consumers gave average juiciness scores of either "slightly" t o "moderately" juicy regardless of income level. No differences ( P .05) were shown for tenderness, flavor, or overall palatability scores for all income levels.
The consumers surveyed in a supermarket setting gave a favorable response to the beef steaks injected with CaC12 (Table 7) . Consumers found the steaks tenderized with CaClz .3 to .4 unit more tender, juicy, flavorful, and palatable ( P < .05) than the control steaks. These data clearly show the usefulness of CaC12 for improving consumer evaluations of beef inside round steak sensory quality and agree with the following previous research under laboratory conditions (Koohmaraie et al., 1988 (Koohmaraie et al., , 1989 (Koohmaraie et al., , 1990 Wheeler et al., 1992; Lansdell et al., 1995) . The CV showed that tenderness and juiciness scores varied more than flavor and overall acceptability scores. Figure 2 shows the percentage of CaCl2-treated and control steaks rated acceptable for tenderness and overall acceptability. Eighty-six percent of CaC12 steaks and 80% of control steaks were rated acceptable for tenderness. Therefore, the injection of CaC12 improved the acceptability of beef tenderness and could be used as a method of choice by the beef industry to enhance tenderness. Overall acceptability ratings were similar ( P > .05) for CaCl2 and control steaks (90 and 89% acceptability, respectively). The differences among tenderness and overall acceptability ratings indicate that other factors such as flavor or juiciness may affect the overall acceptability impressions of beef consumers in a retail setting.
Consumer Purchasing Behavior. Consumers were asked several questions about their purchasing of beef from the meat counter in a supermarket. The first question was, "HOW often do you purchase beef steaks?". The most consumers (27%) indicated they purchased steaks once per week; responses of once per 2 wk (24%) and once per month (20%) followed closely (Figure 3 ) . Forty-five percent of the consumers indicated they purchased beef steaks at least once per week and 69% a t least once every 2 wk.
In response to the question, "Which factor in beef steaks eating quality is important t o you?", 50% of the consumers replied 'V,enderness" and 40% "flavor" (Figure 4) . Only 10% placed first emphasis on juiciness. Thus, the importance of flavor in determining consumers' overall perception of beef may help to explain the results in Figure 2 . Tenderness acceptability differed between steak treatments, but overall acceptability did not. Flavor is a major component of overall acceptability, as are tenderness and juiciness.
To the question, "Why do you buy beef at a certain store?", 33% of consumers answered either "eating quality" or "consistency of product" and 21% kenvenience and service of store" (Figure 5 ). Only 15% indicated that price was the main purchase reason and only 8%' indicated USDA quality grade. These results show that beef quality and consistency are most valued by consumers. Thus, the beef industry should take every measure to improve the quality and consistency of its products.
Consumer Visual Perceptions. When asked, "Which steak would you prefer to purchase?" (between steaks with the labels shown in Figure l) , the CaCl2-treated steaks were preferred 71% of the time over the control steaks (Figure 6 ). At market A, 64% preferred the CaCl2-treated steak, and this preference rose to 78% at market C (Figure 7) . The perception of quality and consistency being superior in the CaCl2-treated steaks probably resulted in the higher preference scores. The results shown in Figure 5 would support this conclusion.
Implications
These results indicate that consumers in a supermarket preferred the product injected with the CaCl2 solution. Consumers apparently are willing t o try a new product if it will enhance their eating experience. The consumer responses from this study are consistent with the results from both the trained sensory panel and the data from the restaurant consumers. The use of CaC12 is an avenue that should be further explored for implementation by the beef industry to address the quality and consistency problems that the beef industry is facing. As the industry becomes more consumerdriven, it will be important to implement short-term solutions such as the CaCl2 injection while researchers continue to search for the long-term genetic solutions to tenderness problems. This process has the potential t o ensure that more consumers will have a satisfying eating experience when consuming beef.
Results show that tenderness is still the most important sensory attribute; however, for the first time these results shows that flavor may be equally important in determining the consumer acceptability of beef. Therefore, the beef industry must consider other attributes in addition t o tenderness when producing beef for today's beef consumer. 
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